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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a signal detection apparatus enabling simplification of a mechanism 
for detecting the displacement of a probe and simplification of the arrangement of a detection system even if a 
plurality of probes are in use, thus enabling a space saving, a scanning atomic force microscope constructed of 
the detection apparatus, and a signal detection method. 

SOLUTION: In the signal detection apparatus detecting an atomic force acting between a probe and a sample 
and measuring the unevenness or electric characteristic of the sample surface from changes in signals, the probe 
is driven by an electrostatic force working between a plate electrode on the support base of the probe and 
another plate electrode provided oppositely to the former electrode on the probe and the displacement of the 
probe is detected from changes in electrostatic capacitance between the electrodes. 



09) B#B#ff j? (jp) (12) i£ df| i^f =^ ^| (a) (umwmm'jkmm^ 

#^2002-116132 
(P2002-116132A) 

(43)£rMB ¥*K14*p4fll9B (2002.4. 19) 



(51)Int.Cl. 7 H^JfB^ FI f-TO-R**) 

G 0 1 N 13/16 G 0 1 N 13/16 A 2 F 0 6 3 

C 2 F 0 6 9 
G 0 1 B 7/34 Z 
21/30 



mmum m*mvm2 ol <^ 7 m> 



<21)fH«## 


#H2000 -305135( P2000 -305135) 


(71) tiHSA 


000001007 










(22)tf}|BB 


¥^12^10^ 4 B (2000. 10. 4) 




ateas^Hixm^ 3 t B3o# 2 4* 






(72) ^IB* 










3WW*BaKT*. : P3TB30«2# 
















#Jt 








J|CSC«*BaKT*.^3TB30»2# ^ 














(74)f$3A 


100105289 








#H± gj§ It 











(54) imwozm mnmmmm. &m^&mm&z£^mf£h?t^Mm^mt>mmt, ^zmnmm^m 



(57) mm 

»|fiiILT»;«-6nfcK^'p-^±©¥««it©l8lt« 



G 0 1 B 7/34 
21/30 




(2) 



1 



10137^-7^ M7°P-7©£?#S«±©¥1£«ffi 
fc> WcftftLTaatt&ft£it/p-7±©¥*iWi 

■r 5 c i £*hr t * % {mw>mwm a 

7°p - 7 ±<D¥«Wi fcasns «R**wr s fc &©* 

mm^m^oimzmm lm7°p -7^#ws±©¥ 
^ 20 

Bo 

{mW>Biffit>\ 7i-XP7^F;l/-7° (PLL) k:<fc 

-oxm^nxi^ctmmtt^tmm 1 sfcfctw 
mtv&imm 1 ~ 3 ©t^-rnfr 1 j£Ocfa«©fi^tti 



[IMS 5] ftufSfa^l 



30 



Igfglc t» h -f n t t & ^ «fc 5 fc * ft T t ^ 

c fcfcwafc-r^srasjt 1 ~3©^-rnfr 1 r«c!3«© 
\mn.mm.Wo 

it*© 7°p - 7^iwjh# fc igids ^ g^fc kw- & nx ^ 
s c fc^fltat-ra w*^ 1 ~ 5 m^-rnfr 1 mfcfBfc 

7°p-7©Ji^t<i;'3Tg ; ?P^^^ttit, £?>fc 40 

$t&& s <^ a 7°p - 7"*Mflsi w &77 [^tc^s-r 
s c £ fc £ -o xmmm^mam^t^mm^m^rc 

wmt^mmmmm 1 ~ e ©^-m^ 1 micmmvm 
nmm 8 ] 7°p - 7 i: Ms t <Dm kws < k^rb**** 

(UU ^ftS©fl^©^{tfr&^^«lffi©[Hlia&3^ 
BUiH7°P-7"^, K7°P-7©£?««±©¥««i 50 



ftffl 2 0 0 2 - 1 1 6 1 3 2 
2 

£ , *ti k: ft ft L TlftW- & tifcM7°P - 7±©¥««ffi 

t<om\cm< n«7afc «fc o TiaKiu mmmm^mnm 

Htif37 0 a-7"O^{i©^m?b <! > K7°p-7 

%.mmM±<D¥um»c wmt % -77 , 
Kjssasjii£ai5©»sa»©iE{i:«ttffl , r s cttcz-ox 

Sff^iilg^ 7x-Xp-v7 F;V-7° (PLL) % 
9 tlBS4©ff^tii77?i : o 

*B8~10 ©^-f tl^ 1 !Rfcf3»©fI^^tb77ffio 
[ff^JSl 2] tuHBfl^^fgii, ^©m77»I^7v77 

©Hint t> e> -r#fc-s t ft 2. c t %<&w. tirzft 
*j-18~ 1 o©^f 1 JSfcE«©#fftttti2r&e 

[fgB^©p|Bft|«BJ] 
[0 0 0 1] 

[5gB^©S-T5Sffi77ffl {I^^tiiSM, IS 

t k & o x u & mmm, mcmn- 1 urn t vmim 

[0 0 0 2] 

fctuswii* (L7^aa wMtim) mm 
m^mmxitmx s«i5cs:-3Tt^, * -r* t> 

SJS^ra^JiRIMI («TAFMfc«?^) &7°P-77fe*ffi} 
©m?^M^±©JI?^©K©mi3ftftffl7] (Jg?Ps1 
.tj: Atomic Force) fctftffl LTtffl^Sffi© 

Hiafejas-rsfefefc, 7 > p-7^issic2i«tt^ffitt 

W»^©ff7«©ilJAgl?^«)7J ^fgff It^S. * 7c, 
A F Mfc^Tct < 7jH7Ts Ji^H77^iT77©«fi|-efflV^ 
?.fc©i:§l73©«^fflt/^fc©^ 2«B^*D, h0# 

[0003] ny^h-e-KAFM 7p 
-77t^^©iT77^»J^-r?»o C©tI^©R73«7°P- 



3 

m^mis. l t*3 <o , ^<Dti mniitmm'p 7p - 7 tc b# ^ 
lt#i±m^±<d»#£#?u wi^p-T^t 

46 tc na us # -e * * v > 0 

[0004] y yay^^ h^e-KA fm«7°p 

- 7^ i: wmmmm t i^&ij^-r s 

tf, ^©3l7J&> 7°P-7ftS«J£«iM£©£gPl 

p-7ft^^fjjs^*fs©S7 f jtW'rsfj»^^fc 

F^E-FA FM«7o££:f#/c&i/7ca6, 
[0 0 0 5] UfrL&*^ yyay^nt-F©^ 

j££ ^Mt^7P-7^t!ffiSffi£<DH© 

& b aus x -r a &mmc % 0 , s itha x x 7p - 7* 

Ilftfifc— ^Wfcfflt/^F>tlT</^ A FMJij^t- F£fc 
t3tTC^rS*fflV^TV>So CfcfcfctfT. R. A 1 b 
r e c h t , J. Appl. Phys. 6 9 (2) 66 
8#M) $U 0~tl 0 0 \im<F>&-£<Di}y=f-\s/^—<D 

<DWL'b%rcfrz>-m*x c <Dismxmi:L, wmx% s <fc 
acD^ffi^w-r/ctoicw^-^Kftf^w-feyy- (2# 

&g£f£o ctttt, 7P-7m<Dil/gX^-7.£:* 
§ < fStffr ! 3 X% < , |l]B#^?M*(D7 0 P-7^»]f / F 

[0 0 0 6] 

& t <fc 5 1 1 z mm ±a l ft £ 5 t , 7°p 

-7'^iMSM«t^^-^^^x-rtIiJ^^±^^ 
^07°P-7^^B#tc7y3y^^ Ft- FT-iMfr* 



(3) #182 00 2- 1 1 6 1 3 2 

4 

L/c <fc 5 IcfflfctxDfn - 7©^{fiM^r)tT C 7? Sfc: £ 

tj&nrrs 7°p-7s d (D^t^mm^mm^ 
&%iffrt)xr£<, mmmt^^^trs-DXL^-D 

TVfc 0 

[0 0 0 7] ^HX\ 7°P-7^fS^tH©/c 

Ms ^{f^^ffissfc «t o xmm l tcfeiimm? mtsm 

$><DX%>%o 
[0 0 0 8] 

^•f^/cfelc, O^CD (1) ~ (1 2) cD<fcdfc«j£L 
ttWSHte <fc 'J TSJt Lfc^S 

20 -efe^o 

( 1 ) 7 > p-7*^MStoHtci)<|g^*^ffiU 

mtB7°p-7"^ mfu-f(D^mmw.±<D^m.mm 
t, %ftic?mLXMwznrcM*7vi'-~7±<D¥fav.m 

(2) MIE7 c P-7©S?f4^fii-r^a«^\ M7°D- 

mmmiftffixmfeLtcmffim<Dmmmmifeir%mm 

KM#5S^«0{f#«i|WB t M7°p - 7^ »S«±©¥ 

fc, *w*r«ci:«wafc"rs±aa (i) icmmoim 

40 ^ffiSSc 

(3 ) mEmffim%.m>fim®m<t*ftmzm%& 

tti&i}\ 7 x -Xp V >7 FVV-7 ( P L L ) <fc o re 

ja^nri/^iifcswafc-raifia (1) $fc&±iE 

(2) {c|E»©fi#^WSBo 

( 4 ) WIBfi#^»^ ifJS L/cSS^cD 3 ft(D 1 ffi 

&±iE (i) ~ (3) ©^-rn^k:isiEo#^*ws 
so frfrt>z-fmc-'fet%z>&?icMf%-znx^%ct% 



(4) 

5 

w&t?&±m en ~ (3) <D^-rtvfrK$EML<Dm% 

(6) tmz7v-7<D$z.tiL*tftfi'?zwmt>\ ?ii&*© 
mmt-tztm (i) ~ (5) <D^-fnMamvm 

(7) Ji^H^^ffl-rsSfiST^tgifi*^ 7° 

fc <fc o Ti^*ffi© h a*»j^-r « stBi^ffir a /c/gfis io 
%mm%±m (d ~ (6) m^nMcmm^m^n 

Wtt^SIIS-rsM^tttH^atefet^T^ MIE7P-7 

o) mi-?v'-7<r>mL<r>mw, s$7°p-7±©¥ 

££4±, f£fi^£f§©{f ^«§S LK7p -75f« 
±!B (8) tc|B«©m^m^?So 30 

(io) tufBSMSSte§i5©s»^b*^(±i'rs{i^ 

tfttfj&aft 7i-X'D^ F;U-7° (PLL) fcfli^T 

ftfrft%£t*nmt?z>±m (s) sfctuje o) 
(id »j£l/us$?s©3^© i 

(8) ~ (i o) (D^-ftiMcmmvimtktiift&o 
(12) Mf3fi^£§§«, ^-om^SMi^A^joJSfi 

(8) ~ (10) ©V^-fn^fclB«€)##ttW^o 40 
[0 0 0 9] 

±12 L L T, ffl* if* yf- lw 

(DmmttmmnMMvBmwmmtt Lrwrnnrzc t 

h a f M*nm?% c ttfnimt&Zo s/t, mmmm 
fta/iv* < , ^©^twi^t/hs^, is^k^u 

<fct>T, 7°P-7^te^ffi©fci6(Da«^*X^-X-e 50 



#12002-1 16 13 2 
6 

Mc^^/cfe, 1fift7°P-7fcWLT©«tfctiS©ii§g 
[0 0 10] WT*^W©HfiSo^lifcov^T, 
Sffi©^fe©i/X7 : -A«^f(L/c7P-y^iaT'fe^o & 

s+i o i a*MW^ie^ni o 2^ttiitt*>f 

W^-l 0 3±lc|3LT&3 0 XSFSSl 0 5±fcttb 

/s— tttftsrtz&sicyffliM i o 4^fes 0 cn&cD 

fi-^U^-aWlfO 7 -0 2 1 9 6 8#&*^fciB 

t? ntv« Mi tc <fc o ¥«f*7°p -t x& Hfc ioti 

ft 7' * 3 o »*& *M«J^ t -T 5 7°P -7© W ^-ffJtt 
o— ffil*H2fc^Ufeo H2k:fcvr, 2 0 1, 2 0 2 
« Wffi ©M' ^ - y § o 

[ooi i ] mwtijyf-i"*— i o 3 ttWfttftfflajT? 

&3*«t«EE£g|g|5 1 1 o tiBsnw^ 1 0 3 fciffi 

«nm^#tt«a©js5fflRttmajTf*s f Mttttas 1 o 

ttfcttfflU ^©MI^fM®^ 1 l lfctitfjU £ 

/c^©ii?ss({f#^©fe©^iafiffla«gp i o 8 1» 

|g»{f^^^g|5 1 0 7 fcjM^o 6*310 8 ttfi^Ottffi 

m\t v % s cfc 5 1 «t $ £ nr ^ s o HKa k imim 
^m^rcmmim^m 1 o 7 a^snfcsifcs 

1 0 4fcffl^j^ns 0 

[0 0 1 2] -7a, MfPSP 1 1 ltt F M^ttiSP 10 9^ 
&©»»9!aaBM#^58!(^#*^L*-^l 1 2 

do 3ffi7^■r-> ;, 1 1 4tt^Sff^figgpi 1 3lc<tD 
^fiSc^tl/cIffi (115) B73ft2tt^BfcSfi7?ft 1 

w© 3 o©^sfi^tc iDiisnn^*', *n & % 
ay hp-;Ubrt/^©^S!Jiig|5i i it*a6« 0 iiiigp 

l 1 lliJSH OlilWl l 5 ©2681^7^-^7^7 

^, ffis+i o i turn 1 1 5 ©£gstfffir#ttiKi){i^^ 

95 1 0 7 fcTllKfI^fc»f ^^/EL^W^u tr* 
t*Ji^*§o ^©PS&X-r- y , ©SiJffiI«ffi73[Rl2ffl© 

iSfcsa73 iti©ffiv>@jfiii]^*$ijii-r s . 

[0 0 13] Ifii/XfLOlfFriBlt^o itttb 
A- 1 0 3{i*^*ffi^a3 1 1 Ofc33^T'>ft< fct, 

1 0 4fc«EE^ffIinit"Sfcil*7Jfe:«t 13 W^- 10 3ti 

1 0 3fcftLTIE~e&oT&*t ; &oTfcIw^-l 

o 3 ttSj&frisitfcfrtfc t*£nTtta6a^\ -r* 



7 

iwfl&*H3© (b) T-^t/co jaa^ina^s^nsjE 

IctCSiWOlft^ttOT^I.o 0 3 CO (a) 
XsK-KMOWMikTK UTfe D , 9l±«litt«WII|±T? 

© (a) t (b) fc^LfeJ:5*BB«fcftO, »fi^ 

[0 0 14] ^fcffii+^»JSMS«Cgj£LT<2, 
fc, Si+ftS^tt^gBtcD^t^l^AW^^ LTfj 

[0 0 1 5] «S»^{ijcDb< *to^T 

mmt%o w<— i o 3&t>'5:f#s«i o 5±«k©« 

T»*«tt**ttw<- i o 3*^u «>h£ffi i 
JftLTfetK ^co^&olMME^ v i:-r« 0 MHffi 

CCS 



3 

1 2 ' 

_ a> r sSv 0 
Co_ 2Z 

[0 0 16] 0)iCD3^CD2C0Jl^a^±t3iJl 

MT'fe^o m.fcl/Ttt, (0 . CO 3 5K> lte#t> 

r^-rt, ( C ) «<«jgaifia»o*aM#?*So t-s 

Si cDCoCDflCDjgKfe^SL, Ctl{iCCD03 
(c) coff^cOgfffi^t^tcOTfeSo IXtcDJ^&ifj 
f^fc *orWftM#43J:tf A F M^tHfi^ *%B^c0 



(5) WM2002-1 16132 

8 

J&k: «fc -3 T£J&13 <fc tftt W T* § S o 
[0 0 17] 

LT»f 0 7-0 2 1 9 6 8#&fRfcl3 
MO^rilcii-oX^Z 0 (im, S?6 0/im, JS£ 1 0 
p m co W ^*fNH L /Co * W 8«±co¥ 
S«fficor B 1coggS|a 2 m T?\ W ^— cOlfiUSi tLTl 

'J3y*n+li: F-7° b/c fe co^ffl ^fco {* X >^ 
10 X-r>^Xk o >F^t < fc01i»L/ct,co^fflt/>Tt/^o 

+f' TiJS L/c £e.3300kHz i^ot^fto 
[0 0 18] ^SWHfcfc^Ttt, ±fESfi)c*#-rS7 0 

mmmmm^h^y^y^m^m'X, ^y>3 o o 

k H zf^fifcMii^^fottfiB^QfacDialv^ HV^X 

U - FcDfiJJl^HISg^ff SB-f Sftgtf * ofco F Mfc 
(PLL) Hifi»©^Sl^ttP L L©HE 

$ijw^ftt§ (vco) mmmi±tLrmtiiL, 

V C OOttiftS**©* £#]5ISfc3Mo T 3 »CD 

^aLT5Jtas±¥S«s^EWBL/co 

[0 0 19] FMttfflWe*SPLL0Bi*^U^*n 

5l73fcJSU/£fi^tt, |iJf|]0Egt:L-rffl^/c^-y^;F 
(PC) COA./D^-ry^-7x-XtC 

A^^n/to ^cdps, 7°p-7^M«fcjfto^-r€&^ 

Jx^tP CtioTXf^ny Fp— 

^^-/gtfs-^cfc a l^co^coswm^^-^^ 
[0020] yn— rofiftt^oT^-rawftM-^ 

40 tt^-f'^fc^ p A ^feo/c/)WLmi±^g|5fcia^/c7 
^;F^tJ;-3Tfgy^XT'iJ^T$/co 5 /i 

m/USfiTfrofc*!', ^-cDPScO^^ttiS^l Onm 

Tfe^/co sfec«D3R«ffiffltrw««i mmmmmm 
mhtc <9 , fn-y9tm<r>mt\c & *) mmftmmm&T 

cfcDAX^-X^^St-rST^TCTjScO^W^tFt^ 
7°p-7]M D cOg^^#fcffl^tT*^/cfes IM* 

50 ci:*^aE*nfeo 



(6) 



[0 0 2 1] 

mmm^mmmus mim&ttvmic&ixmi&L 
mzmwMMmcoBnmmmt t u xwimt % * 5 icw 

[01] *«W«D*»0J^J|fc:fe^*'>X-rA«l*©- 

ra 3 ] ^mmmMcDBmcwf* j/^r^osftft* 



ftM 2 0 0 2 - 1 1 6 1 3 2 
10 





1 0 1 




1 0 2 




1 0 3 




1 0 4 




1 0 5 




1 0 6 




1 0 7 


rr-r-? — f f — *. 1 — 1 t \ - f X -l* r> 


1 0 8 




1 0 9 


F M^fcHSB 


1 1 0 




1 1 1 


wm 


1 1 2 




1 1 3 




1 1 4 




1 1 5 




2 0 1 




2 0 2 






(7) 



2002—1 16 132 




F^-A(##) 2F063 AA02 AA43 BB01 CA34 CA40 

DA01 DA04 DB04 DD02 DD06 

EA16 EB01 EB15 EB23 HA01 

HA20 LA01 LA04 LA11 LA29 
LA30 MA05 

2F069 AA57 AA60 BB40 GG04 GG06 

GG20 GG62 GG65 HH04 HH30 
LL03 MM24 NNOO 



